Infections due to seafood associated Salmonella serovars are great risk to public health. Different phenotypic characteristics have been used previously for epidemiological investigation of Salmonella. Beyond the phenotypic characterization, a reliable genetic level discriminatory method is required. Therefore, this study was attempted to use different phenotypic and molecular fingerprinting methods for investigation of genetic diversity among seafood associated nontyphoidal Salmonella serovars.
Food borne infections due to Salmonella serovars are a major concern worldwide. Many non typhoidal Salmonella (NTS) serovar infections result in diarrhoeal disease, bacteraemia and extraintestinal focal infection in infants and more serious complications among the elderly and immunocompromised adults 1 . Salmonella spp. associated with gastrointestinal tract of animals, including birds 2 reach to aquatic environments through faecal contamination. Presence of NTS serovars in fish, shellfish and other seafood has been reported 3, 4 . Filter feeding organisms such as oysters and clams harvested from contaminated waters are known to concentrate high levels of Salmonella serovars leading to high incidence of this pathogen in seafood 5 . Though there are several reports from India on the prevalence of Salmonella in seafood 4, 6 , information on molecular characterization and genetic relatedness among the different NTS serovars is limited.
Different phenotypic characteristics used for epidemiological investigation of Salmonella include serotyping, based on the differentiation of O and H antigen 7 and though most widely used it lacks the ability to differentiate isolates having same serotype. Fingerprinting techniques have been used to determine the source of infection, transmission of organisms, stage of infection, detection of particularly virulent isolates as well as the host distribution of specific pathogen 8 . Differentiation of Salmonella serovars has been studied using several DNA based typing methods 4, 9 . A rapid and precise subtyping was achieved by randomly amplified polymorphic DNA (RAPD) and enterobacterial repetitive intergenic consensus (ERIC) fingerprinting 8, 9 . While RAPD uses a single primer of arbitrary nucleotide sequence which targets random segments of genomic DNA to reveal polymorphisms 10 , ERIC is a short interspersed repetitive consensus sequence originally found in Escherichia coli and Salmonella and ERIC-PCR uses outward facing primers complementary to each end of the repeat in a PCR 11 . Whole-cell polypeptides solubilized with sodium dodecyl sulphate (SDS) have also been used for typing Salmonella spp. 12 . In the present study, the serotyped NTS isolates from seafood prevalent along the southwest coast of India were subjected to DNA based fingerprinting (RAPD and ERIC) and whole cell SDS-PAGE profiling to look at the genetic relatedness/distance by assessing the discriminatory index provided by each of the methods individually and in combination. 16 isolates from fish and 6 isolates from shrimp) were included in this study. Oyster, clam and fish samples were harvested biweekly from two estuaries, Mulki (site 1) and Sasthan (site 2), which are located along the southwest coast of India, 60 km away from Mangalore. Shrimp samples (6) were collected from culture ponds in Kundapur (site 3), which is located about 100 km North of Mangalore on the same coast. Salmonella isolates were isolated during March 2002-April 2007. Salmonella isolates characterized biochemically as per the protocol recommended by FDA Bacteriological Analytical Manual 13 were maintained at -80º C in nutrient broth containing 30 per cent glycerol (Sanyo Corporation, Japan). For activation, the isolates were grown overnight at 37º C in tryptone soya broth with continuous aeration in a shaker water bath (150 rev/min). A loopful of the culture was subcultured on tryptone soya agar (TSA). Isolated colonies were picked and maintained in TSA slants for further work. S. Typhimurium, ATCC-14028 was used as a reference strain.
Material & Methods
Polymerase chain reaction confirmation: Primer pair specific for hns 14 and invA 15 genes were used for the confirmation of the Salmonella isolates. The DNA was extracted from the isolates following the protocol described by Ausubel et al 16 . DNA concentration and purity was determined using Nanodrop spectrophotometer (Nanodrop, USA). PCR was performed in 50 µl volumes containing 5 µl of 10X buffer (Bangalore Genei, Bangalore, India) consisting of 0.1 mol/l Tris-HCl (pH 8.3), 0.02 mol/l MgCl 2 , 0.5 mol/l KCl and 1 per cent gelatin, 0.2 µ mol/l of each of the 4 deoxyribonucleotide triphosphates (dATP, dGTP, dCTP and dTTP), 0.1 pmol/1 of each primer and 1.25 U of Taq polymerase (Bangalore Genei) using a gradient thermocycler (M.J. Research, USA). The cycling conditions followed were as described by Jones et al 14 for hns and Rahn et al 15 for invA gene.
All PCR confirmed isolates of Salmonella were sent for serotyping to the reference centre for Salmonella and E. coli at the Central Research Institute, Kasauli, Himachal Pradesh, India.
RAPD-PCR:
Ten different RAPD primers which included 6 PM primers (PM1 to PM6) 17 and 4 CRA primers (CRA22 to CRA26) 18 were initially used in order to select the one that would give reproducible RAPD fingerprints. Among the primers used, PM5 (5' CGA CGC CCT G 3') that generated a reproducible and well resolved pattern was used for further analysis. PCR was performed in 50 µl volumes containing 5 o C for 5 min. The PCR products were resolved on a 1 per cent agarose gel, stained with ethidium bromide (5 ng/ml) and bands observed using a transilluminator (Herolab, Wiesloch, Germany). The PCR was performed in replicates to see the reproducibility of the result.
ERIC-PCR:
The ERIC-PCR as described in Millemann et al 19 was performed in 50 µl volumes containing 5 µl of 10X buffer (0.1 mol/l Tris-HCl (pH 8.3), 0.02 mol/l MgCl 2 , 0.5 mol/l KCl, 1% gelatin), 0.2 µ mol/l of each of the four deoxyribonucleotide triphosphates (dATP, dGTP, dCTP and dTTP), 100 pmol of each primer pair and 1.25 U of Taq polymerase. The amplification reaction consisted of initial denaturation at 90° C for 3 min, followed by 30 cycles of denaturation at 90° C for 30 sec, primer annealing at 52° C for 1 min, extension at 72° C for 8 min and a final delay step of 72° C for 16 min. The products were resolved on a 1 per cent agarose gel, stained with ethidium bromide (5 ng/ml) and bands photographed using a transilluminator (Herolab, Wiesloch, Germany). The PCR was performed in replicates to see the reproducibility of the result.
Whole cell protein profiling: Whole cell protein profiles of the 58 Salmonella isolates were obtained by SDS-PAGE, using the discontinuous buffer system of with 5 per cent stacking and 10 per cent resolving gels 20 . Each sample (20 µl) was loaded and run on a vertical slab electrophoresis unit for 3 h at a constant voltage of 150 V. At the end of electrophoresis the gel was stained with Coomassie Brilliant Blue R-250. PMW-M was used as molecular weight marker (Bangalore Genei, Bangalore). The whole cell protein profiling was performed in replicates to see the reproducibility of the result.
Statistical analysis:
The DNA banding patterns generated by RAPD and ERIC-PCR methods were used in generating dendrograms using the software Gelcompare II version 2.5 (Applied Maths, SintMartens-Latem, Belgium). The relatedness between the profiles was derived based on unweighted pair group method with arithmetic mean (UPGMA) using the Dice correlation coefficient method and expressed as percentage similarity. The discriminatory index was calculated for RAPD-PCR and ERIC-PCR by using the Simpson's index of diversity 21 . Average similarity value was calculated on the basis of the similarity matrix according to Nei and Lie 22 , in order to choose the cutoff to divide the isolates in to different clusters.
Results
The isolates were confirmed as Salmonella as all were positive for hns and invA gene giving amplicons of 152 and 284 bp, respectively (data not shown). On serotyping, the number of positive isolates was as follows: S. enterica serovar Weltevreden (18), S. enterica serovar Newport (10), S. enterica serovar Bareilly and S. enterica serovar Paratyphi C (8 each), S. enterica serovar Oslo (7), S. enterica serovar Infantis (3), S. enterica serovar Anatum (2), S. enterica serovar Virchow and S. enterica serovar Aba (1 each).
Analysis of serovars by RAPD-PCR:
RAPD of the 58 Salmonella serovars yielded different patterns consisting of 5-12 bands ranging approximately from 0.15 to 2.5 kb (Fig. 1 ). Fig. 2 shows the dendrogram from the RAPD results of the 58 isolates. A common band was found in all 58 isolates at 1 kb. At an average similarity of 54 per cent, 44 of the 58 Salmonella serovars grouped into 13 clusters (R1-R13), while the remaining 14 were unclustered. The unclustered isolates belonged to serovar S. Virchow (SV17), S. Oslo (SO1, SO2, SO9, SO20, and SO77), S. Newport (SN33, SN34 and SN37) and S. Paratyphi C (SU1, SU2, SU6, SU7 and SU12). Heterogeneity was observed within serovars of S. Oslo (6 clusters), S. Weltevreden (5 clusters), S. Newport (6 clusters), S. Paratyphi C (6 clusters) and S. Barielly (2 clusters). S. Weltevreden, the major group with 18 isolates was assigned to RAPD clusters designated R2, R5, R7, R8 and R12. S. Newport isolates grouped in clusters designated R4, R10 and R11. S. Bareilly isolates presented as two groups viz. R9 and R13 of which R13 was further subclustered into two where one subgroup belonged to S. Bareilly and the other to S. Infantis at 60 per cent similarity. The single isolate of S. Aba and S. Virchow clustered with S. Infantis and S. Paratyphi C at 72 and 51 per cent, respectively. All the serovars typed in this study were isolated from a particular seafood source. The source of isolates and the serotype results showed commonality. Each serovars was linked to a particular seafood type in most of the isolates. For example, in S. Weltevreden, except for R2 and R5, where the cluster was generated from serovar isolated from fish, the remaining clusters (R7, R8 and R12) were generated from isolates from mixed animal sources of fish, oyster and shrimp.
Of the seven S. Oslo isolates from oyster, two could be clustered (R1) whereas others presented diversity. Eight S. Bareilly isolated from oysters could be placed in two clusters (R9 and R13). Of 16 clam isolates, nine of S. Newport isolates could be grouped as R4, R10 and R11 with two not clustering while two isolates of S. Infantis and three of the four S. paratyphi C each presented as a single cluster. Sixteen fish isolates included 10 S. Weltevreden, two S. Anatum and for S. Paratyphi C. S. Weltevreden isolates grouped in three clusters (R2, R5 and R8), two S. Anatum isolates presented in a single cluster, whereas the four S. Paratyphi C isolates remained unclusterd. Six S. Weltevreden isolates obtained from shrimp were grouped in two clusters (R7 and R8) (Table) . The index of discrimination calculated from Simpson's index of diversity formula for RAPD-PCR was 0.94.
Analysis of serovars by ERIC-PCR: ERIC-PCR
fingerprints generated for the 58 isolates comprised 5-15 bands ranging from 0.15 to 4.5 kb (Fig. 3) with a discriminatory index of 0.96. A common band was found in all 58 isolates at 1.5 kb. All the serovars were grouped into 17 clusters (E1-E17) at an average similarity of 51 per cent (Fig. 4) . Unlike RAPD where 14 isolates failed to cluster, ERIC analysis resulted in only six which could not be grouped. These included two isolates of S. Paratyphi C and one isolate each of S. Newport, S. Weltevreden, S. Infantis and S. Virchow. It was also observed that except for a few S. Weltevreden isolates which grouped with clusters of other serotypes (S. Oslo in E10, S. Bareilly in E6, and with S. Aba in E1) almost all the isolates within a cluster belonged to the same serotype. Genetic heterogeneity was also observed among the various serovars. Major cluster differentiation was observed for S. Weltevreden which grouped into six clusters designated E1, E2, E12, E14, E15 and E16. Similarly three clusters were observed for S. Bareilly (E5, E6 and E9), two each for S. Paratyphi C (E13 and E17), S. Newport (E7 and E11) and S. Oslo (E8 and E10). Sixteen isolates obtained from clam included nine S. Newport that grouped in two clusters (E7 and E11) and only two of the four S. Paratyphi C grouping as a single cluster (E17). Sixteen fish isolates included 10 S. Weltevreden that grouped in three clusters (E1, E12 and E14), two S. Anatum present in a single cluster and two of the four S. Paratyphi C isolates grouped in one cluster (Table) .
Composite analysis of RAPD and ERIC-PCR:
Data from the two molecular typing methods were subjected to a composite analysis to determine whether a better clustering of the serovars could be obtained. Clustering based on fragment profiles grouped the serovars into 17 clusters (C1-C17) at an average similarity of 51 per cent (Fig. 5) . The 18 isolates of S. Weltevreden were grouped into five clusters (C5, C9, C12, C14, and C15). Majority of the isolates (8 of 18) belonged to the C5 cluster. S. Newport also grouped into four clusters (C2, C4, C10 and C11). Isolate SN34 was observed to be distinct from all others, S. Bareilly was differentiated into two clusters (C6 and C7) and S. Paratyphi C into three clusters (C3, C16 and C17). Two S. Paratyphi isolates (SU12 and SU3) were distinct. Four of seven of S. Oslo isolates were distinct from each other while three isolates (SO76, SO75 and SO9) clustered together. Eight S. Bareilly isolates were grouped in two clusters. Of 16 clam isolates nine were S. Newport and they grouped in three clusters. Two S. Infantis grouped in a single cluster and only two of the four S. Paratyphi C isolates grouped together as a cluster. The Fish isolates (16) included 10 S. Weltevreden that grouped in three clusters, two S. Anatum in a single cluster and two of four S. Paratyphi C as one cluster (Table) . The discriminatory index (DI) calculated using composite analysis was 0.95.
Whole cell protein analysis:
The whole cell protein profile revealed much commonality among the 58 Salmonella isolates (Fig. 6) . The results showed common major protein bands of 38 kDa and 46 kDa among all the isolates of different serovars except two S. Newport isolates (SN37 and SN68) which showed 36 kDa (SN37) and 40 kDa (SN68) protein. There was a high degree of variation in the region between 29-70 kDa. A total of 30-36 minor bands ranging from 10 kDa to 100 kDa were common to all isolates. Additional protein bands were found in some of the isolates which included 42 kDa band in two S. Weltevreden isolates, one from shrimp (SW37) and another one from oyster (SW39). A heavy protein band of 68 kDa was found in S. Infantis (SI73) isolated from clam.
Discussion
In the present study, 58 Salmonella isolates obtained from seafood were investigated using phenotypic methods (serotyping) and molecular fingerprinting methods, RAPD and ERIC-PCR along with whole cell protein profiling (SDS-PAGE). Serotyping is the most Whenever there was single isolate of a particular serovar from a particular source, it was designated as unclustered and was not mentioned in the Table widely used phenotyping method for epidemiological investigation of Salmonella 7 . Serotyping results showed that 36 per cent of Salmonella isolates belonged to the serotype S. Weltevreden. S. Weltevreden is being increasingly recorded as the most common nontyphoidal serotype in seafood throughout the world 6, 23 . This serovar has also been reported to be commonly associated with human infections from Malaysia and Thailand 24, 25 . In India, an outbreak of foodborne illness due to S. Weltevreden was recorded as early as in 1985 26 . Since then, except for a few 3, 27 there are no reports implicating a particular serotype with human infections. Recently, an outbreak of gastroenteritidis among 34 female nursing students due to S. Weltevreden has been reported in Mangalore, India 28 . S. enterica Paratyphi C was also isolated from a few (14%) of the seafood samples tested and this serovar is known to be associated with enteric fever in humans.
Serotyping lacks the ability to differentiate isolates from the same serotype. PFGE is a well established method for fingerprinting Salmonella spp. with a high discriminatory index. However, the lack of equipment and facility can hamper the use of this useful DNA based technique. RAPD and ERIC-PCR on the other hand are relatively simple typing methods. In our study combination of the two methods presented a high discriminatory index and generated larger number of DNA fingerprints as reported earlier 10, 11 . Our results elucidated the genetic difference within Salmonella serovars associated with seafood. The DI value obtained by RAPD and ERIC-PCR was 0.94 and 0.96, respectively (>0.90) which is the acceptable confidence value for interpreting the level of discrimination 8 . RAPD with 13 and ERIC with 17 different patterns could differentiate the isolates indicating the presence of diverse Salmonella serotypes in seafood in this region. The different clusters generated by RAPD for various Salmonella serotypes indicated genetic heterogeneity. Our result was in agreement with that of others workers 29 who reported that RAPD is one of the most reliable techniques for discriminating different serotypes of Salmonella. An earlier investigation 9 compared four molecular typing methods for 30 . We combined the results of RAPD and ERIC and expressed the diversity as a composite analysis. Results of the combined analysis were highly discriminatory (DI=0.95) and thus considered more efficient. Eriksson et al 31 highlighted that S. Mbandaka and S. Livingstone could be well typed using a combination of different typing methods. S. Weltevreden from tropical seafood was typed by ERIC-PCR and RAPD methods 6 .
Along with RAPD and ERIC-PCR, whole cell protein profiles of 58 Salmonella isolates on SDS-PAGE were also carried out. Although SDS-PAGE profiles of porins, OmpF, OmpC and OmpD of S. Typhimurium have been reported 38 , there is not much information on whole cell protein profiles of nontyphoidal Salmonella serovars. Begum et al 12 found a common 37.81 kDa protein band common to 54 different serovars of Salmonella studied. Our study also showed major bands of ~ 38 kDa and ~ 46 kDa among all the isolates. In addition, all isolated showed several bands in the range ~ 29-70 kDa with a high degree of variation. These variations could be useful for typing of Salmonella. Results of protein profiling suggest that these variations do not allow well defined clustering but could provide information on presence of new proteins which may play a role in pathogenesis, virulence associated mechanisms, biofilm formation and other traits.
Nontyphoidal salmonellae have become a concern in seafood and have been reported from several counties in Asia and South-East Asia. Molecular characterization of these serovars would be useful for tracking the Salmonella serovars involved in outbreaks and those associated with food/water. Composite analysis using RAPD and ERIC-PCR would allow better inter-and intra-serovar strain discrimination. Although protein profiling had less discriminatory power, its use in combination with the other established typing methods may generate useful information on virulence associated traits.
